The aim of this cross-sectional study was to examine the factors which may be associated with the metabolic syndrome by exploring the relationship between psychosocial stress, age, body mass index (BMI), C-reactive protein (CRP), lifestyle factors, and the components of the metabolic syndrome, such as glycated hemoglobin (HbA1c), fasting blood sugar (FBS), body fat percentage, and triglyceride concentration, among apparently healthy subjects. Psychosocial stress was measured by the use of the inventory to measure psychosocial stress (IMPS). One thousand four hundred and ninety-nine people out of 1,941 public school workers admitted to a hospital for a medical check-up responded to the IMPS, yielding a response rate of 77.2%. A total of 1,201 workers excluding 298 who were taking medication for various diseases were analyzed with the use of hierarchical multiple regression models. It was found that IMPS-measured stress score, age, BMI, and smoking habit were associated with an increase in glycated hemoglobin among men, while alcohol consumption was associated with a decrease in glycated hemoglobin. Stress score, age, BMI, and alcohol consumption were found to be associated with an increase in FBS among men, while smoking and exercise habits were associated with a decrease in FBS. CRP was found to be associated with an increase in body fat percentage among men, though stress score was not associated with an increase in body fat percentage. Stress score, age, and BMI were associated with an increase in triglyceride concentration among women. The findings of the present study seem to be in line with the hypothesis that psychosocial stress plays an important role in developing the metabolic syndrome, which may be associated with inflammatory processes in the vascular wall, resulting in atherosclerosis and cardiovascular disease.
Introduction
It has been suggested that insulin resistance is the underlying physiological antecedent that leads to or is associated with abdominal obesity, glucose intolerance, dyslipidemia, and hypertension, posing a serious risk for cardiovascular disease (Reaven, 1988; Meigs et al., 1997; Björntorp and Rosmond, 1999; Grundy, 1999) . As the clustering of insulin resistance, hypertension, glucose intolerance, dyslipidemia, and obesity was found to have particularly grave consequences on one's health, it is called syndrome X, the insulin resistance syndrome, or the metabolic syndrome (Meigs et al., 1997) . Though the metabolic syndrome is not distinctly defined yet and several criteria have been proposed to define it (Grundy et al., 2004; Alberti et al., 2006) , the components of the metabolic syndrome, which is related to cardiovascular disease and type 2 diabetes, have been identified as: abdominal obesity, dyslipidemia, elevated blood pressure, and impaired glucose tolerance , Alberti et al., 2006 . The prevalence of the metabolic syndrome in US adults is estimated to have increased from 23.1% during 1988-1994 to 26.7% during 1999-2000 , particularly among women . As an increase in body mass index (BMI) appears to account for the increased prevalence of the metabolic syndrome , lifestyle factors, such as lack of exercise and a poor diet appear to be contributors to the increases in the metabolic syndrome as well as type 2 diabetes (Hu et al., 2001; . At the same time, psychological factors, such as depression and anxiety, were reported to be associated with the metabolic syndrome or the insulin resistance syndrome (Timonen et al., 2007; Goldbacher et al., 2009) , though the causal relationship between the two remains unclear. In addition, there is a great deal of literature which indicates an association between depression and cardiovascular disease (Sesso et al., 1998; Ferketich et al., 2000; Wulsin and Singal, 2003) , implying an intertwined quadrangular relationship between the metabolic syndrome, lifestyle factors, psychological factors, and cardiovascular disease. As human societies have become more (Chrousos and Gold, 1992) It has been suggested that atherosclerosis, the lesions causing cardiovascular disease, is an inflammatory disease (Ross, 1999) . C-reactive protein (CRP), an inflammatory biomarker, was found to be of value in the prediction of cardiovascular disease (Danesh et al., 2004) , indicating that measurement of CRP is useful in primary prevention of cardiovascular disease among those at risk (Ridker, 2003) . Numerous studies have reported that depression Erlinger, 2004: Suarez et al., 2004; Surtees et al., 2008; Elovainio et al., 2009; Howren et al., 2009) , distress measured using the Profile of Mood States (POMS) (Lutgendorf et al., 1999) , and perceived stress (Kiecolt-Glaser et al., 2003; McDade et al., 2006; Fuligni et al., 2009 ) are associated with increased levels of CRP or pronounced expression of the proinflammatory cytokine interleukin-6 (IL-6) or interleukin-8 (IL-8) and tumor necrosis factor-a (TNF-a), implying that psychological factors are involved in the development of atherosclerosis in large and medium-sized elastic and muscular arteries through the inflammatory process (Black, 2006) . As such, psychosocial stress is assumed to be a risk factor for the metabolic syndrome, which may be linked with the inflammatory process in the vascular wall, resulting in atherosclerosis and cardiovascular disease. A few studies have evaluated the relationship between the metabolic syndrome and psychosocial stress such as perceived stress or a feeling of excessive tiredness (Räikkönen et al., 1996; Räikkönen et al., 2002) . Previously, we developed an inventory to measure psychosocial stress (IMPS) that evaluates stress as the accumulation of somatic, psychological, and behavioral changes occurring in a person as a result of exposure to psychosocial stress. This inventory has been shown to be potentially capable of measuring psychosocial stress levels (Yamamoto et al., 2007; Yamamoto et al., 2008; Yamamoto et al., 2009) . In an attempt to clarify the relationship between psychosocial stress, age, BMI, CRP, lifestyle factors, and the metabolic syndrome, a cross-sectional study was conducted among apparently healthy subjects.
Methods

Subjects and procedure
Every year, about 5,000 workers chosen from among approximately 136,000 teaching and nonteaching workers employed at public elementary, junior high, and senior high schools in Kyushu and Okinawa, Japan receive a general health check-up at Kyushu Central Hospital in Fukuoka based on their desire to undergo medical examination for the purpose of detecting any early-stage illnesses. The subjects included in the present study were selected from a smaller pool of 1,941 workers examined at the hospital between November 2004 and March 2005. Details regarding the subject and procedure have been reported elsewhere (Yamamoto et al., 2007; Yamamoto et al., 2008) . The subjects were invited to participate in the study after they had been provided with a full explanation of the study and written informed consent was obtained from all participants. A total of 1,499 workers responded to the invitations, yielding a response rate of 77.2%.
Blood specimens were obtained following an overnight fast. These samples yielded measures for blood chemistry, including CRP and glycated hemoglobin. CRP concentration in serum was measured with a high-sensitivity latex-enhanced immunonephelometric assay. We refer to the score measured using the IMPS as stress score in this study. Out of 1,499 respondents, 298 workers who were taking medication for hypertension, hyperuricemia, hyperlipidemia, and diabetes, or who had a value for glycated hemoglobin Ն6.0 percent were excluded, and the remaining 1,201 subjects were analyzed. BMI was calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). Body fat percentage was measured by the method of bioelectrical impedance analysis using an Omron body fat analyzer (HBF-302).
Statistical analysis
Throughout the study, separate analyses were conducted for men and women. Unpaired t-tests were used to test for differences between men and women in terms of the means of age, perceived stress, stress score, BMI, CRP, glycated hemoglobin, FBS, body fat percentage, and triglycerides. For the parametric two-group comparisons, p values were based on Welch's test for groups with unequal variances if the hypothesis of equal variance was rejected at a 0.05 level of significance.
To test whether stress score, age, BMI, CRP, and lifestyle factors are associated with glycated hemoglobin, FBS, body fat percentage, and triglycerides, regardless of confounding variables, hierarchical multiple regression analyses were performed. Covariates were identified as potential confounders based on the literature. Stress score was entered as a first step, age was entered as a second step, BMI and CRP were entered as a third step, and lifestyle factors (alcohol consumption, smoking, and exercise) were entered as a fourth step.
Alcohol consumption was assigned numeric values ranging from 0-3 as follows: no drinkingϭ0; occasional drinkerϭ1; frequent drinker: Ͻ360 ml of sake at one sittingϭ2; and frequent drinker: Ն360 ml of sake at one sittingϭ3 (360 ml of sake, 32 proof, contains about 45 g of absolute alcohol). A "frequent drinker" was defined as a person who drinks alcohol almost daily. Smoking status was assigned numeric values ranging from 0-3 as follows: never smokedϭ0; former smokerϭ1; current smoker of 1-19 cigarettes per dayϭ2; and current smoker: Ն20 cigarettes per dayϭ3. Habitual exercise was assigned numeric values ranging from 1-4 as follows: no day per week of physical activity engaged in for more than 30 minutes in addition to routine daily activitiesϭ1; 1 day of physical activity per weekϭ2; 2-3 days of physical activity per weekϭ3; and 4-7 days of physical activity per weekϭ4.
The subjects were categorized into four groups according to their alcohol consumption, as described above. Analysis of covariance (ANCOVA) tested whether there existed any crosssectional association between the four categories of alcohol consumption and glycated hemoglobin or FBS. We also examined a possible linear relationship between alcohol consumption and glycated hemoglobin or FBS. P values of less than 0.05 were considered significant.
Results
Sample characteristics
The lifestyle variables of the study subjects have been reported elsewhere (Yamamoto et al., 2007) . About 15% of the male and 38% of the female subjects consumed no alcohol, while more than half of the male and 23% of the female subjects were frequent drinkers. Women reported more perceived stress than men, and the women's mean stress score was higher than that of the men (Table 1) . Men had higher values for BMI, glycated hemoglobin, FBS, and triglyceride concentration than women, while women had higher values for body fat percentage than men (Table 1) .
Stress, lifestyle and biomedical parameters
In the previous study, we reported that stress score was associated with the values for the glycated hemoglobin of men and triglycerides of women (Yamamoto et al., 2007) . In the present study, hierarchical multiple regression analyses were performed to test whether variables such as stress score, age, BMI, CRP, and lifestyle factors were independently associated with biomedical health parameters such as glycated hemoglobin, FBS, body fat percentage, and triglycerides. Table 2 shows that stress score, age, BMI and smoking habit were associated with an increase in glycated hemoglobin among men, while alcohol consumption was associated with a decrease in glycated hemoglobin. Stress score was not associated with glycated hemoglobin among women, though age and BMI were associated with an increase in glycated hemoglobin (Table 2) . Alcohol consumption was found to be associated with a decrease in glycated hemoglobin among women, as was also observed among men.
Stress score, age, BMI, and alcohol consumption were found to be associated with an increase in FBS among men, while smoking habit and exercise were associated with a decrease in FBS among men (Table 3) . Stress score was not associated with an increase in FBS among women, while only BMI was associated with an increase in FBS (Table 3) . Stress score was not associated with an increase in body fat percentage among men, though age, BMI, and CRP were found to be associated with an increase in body fat percentage (Table 4 ). Age and BMI were associated with an increase in body fat percentage among women. Stress score, age, and BMI were associated with an increase in triglyceride concentration among women, while BMI was associated with an increase in triglycerides among men (Table 5 ). Figure 1 shows that, in men, the more alcohol consumed, the less the glycated hemoglobin level was, while the more alcohol consumed, the more the FBS was. Linear relationships were observed between alcohol consumption and glycated hemoglobin or FBS in men (pϭ0.006 and pϭ0.002, respectively).
Discussion
This cross-sectional study was designed to examine whether psychosocial stress, age, BMI, CRP, and lifestyle factors were independently associated with the components of the metabolic syndrome, such as glycated hemoglobin, FBS, body fat percentage, and triglyceride concentration, among apparently healthy subjects, using hierarchical multiple regression models. We found that stress score was associated with an increase in glycated hemoglobin, FBS, and triglyceride concentration, the components of the metabolic syndrome, independent of confounding variables, confirming and reinforcing the results of our previous study, though gender differences were observed in this relationship (Yamamoto 18 Psychosocial Stress and the Metabolic Syndrome , 2007) . The HPA axis responses to stress have been found to differ between men and women (Kudielka and Kirschbaum, 2005) . This finding along with the findings that differences between men and women in the nature of psychobehavioral responses to stress, as well as in their respective capacities to tolerate stress, may exist (Frankenhaeuser et al., 1978; Kessler and McLeod, 1984, Yamamoto et al., 2007; Yamamoto et al., 2008) will explain the gender differences in the association of stress score with the biomedical parameters. Our findings suggest that psychosocial stress defined as the accumulation of somatic, psychological, and behavioral changes occurring as a result of exposure to psychosocial stress is associated with the metabolic syndrome, though its causal relationship remains unclear. In light of the studies which show that depression and depressive symptoms are associated with an increase in CRP (Ford and Erlinger, 2004; Surtees et al., 2008; Elovainio et al., 2009; Howren et al., 2009) or enhanced expression of proinflammatory cytokines, such as TNF-a and IL-8 (Suarez et al., 2004) as well as that psychosocial stress is associated with enhanced expression of IL-6 (Lutgendorf et al., 1999; Fig. 1 The relationship between alcohol consumption and HbA1c (A) or FBS (B) among men. Error bars indicate 95% confidence intervals. P values for HbA1c and FBS among men from an ANCOVA test indicate that the trend from no alcohol consumption to frequent alcohol consumption (Ն360 ml of sake/time) is linear (pϭ0.006 and pϭ0.002, respectively). Kiecolt-Glaser et al., 2003) , it is not farfetched to hypothesize that psychosocial stress or related psychological status invokes an inflammatory response, which will lead to the process of atherosclerosis, resulting in cardiovascular disease. Psychosocial stress is known to invoke stress responses such as perturbation of the hypothalamic-pituitary-adrenal (HPA) axis and activation of the sympathetic nervous system (Chrousos and Gold, 1992 ). As noted above, psychosocial stress was observed to be associated with interleukin-6 release (Lutgendorf et al., 1999; Kiecolt-Glaser et al., 2003) , which would also have stimulatory actions on the HPA axis (Mastorakos et al., 1993) , resulting in abdominal obesity and the metabolic syndrome (Björntorp and Rosmond, 1999) . Thus, psychosocial stress seems to play an important role in the development of the metabolic syndrome, and thereby in atherogenic processes, which are the major cause of cardiovascular disease. Our results that age is a predictor for an increase in glycated hemoglobin, FBS, body fat percentage, and triglyceride concentration were not unexpected as the prevalence of obesity and being overweight was observed to increase according to an increase in age among the population of 20 to 69 years-olds for both men and women (Flegal et al., 2002) . The findings of former studies that the prevalence of the metabolic syndrome tends to increase according to an increase in age among adults of 20 to 69 years-olds (Ford et al., 2002) may be supportive of the findings of the present study, which observed a relationship between age and the components of the metabolic syndrome. A more sedentary lifestyle and changes in dietary intake according to an increase in age among adults, which results in energy imbalance in the sense that energy intake exceeds energy expenditure, may be responsible for the relationship between age and obesity or the metabolic syndrome, though relatively little is known about the precise causes of an increase in the prevalence of obesity since the 1980s (Taubes, 1998; Flegal et al., 2002) . It is quite reasonable to expect that BMI is independently associated with an increase in glycated hemoglobin, FBS, body fat percentage, and triglyceride concentration because an increase in BMI means an overall increase in body fat. In fact, this relationship was observed in the present study.
It has been shown that low to moderate amounts of regular alcohol consumption improve insulin sensitivity (Kiechl et al., 1996; Davies et al., 2002) , though heavy dinking increases the risk of type 2 diabetes among lean men (Tsumura et al., 1999) . The findings of the present study that alcohol consumption was a predictor for a decrease in glycated hemoglobin among apparently healthy men is consistent with previous reports (Kiechl et al., 1996; Tsumura et al., 1999; Davies et al., 2002; Kroenke et al., 2003) . In contrast to glycated hemoglobin, we demonstrated that alcohol consumption is a predictor for an increase in FBS among apparently healthy men, suggesting that the effect of alcohol consumption on health is seen differently depending on which parameter is used for the evaluation of one's health status. If glycated hemoglobin is used as the marker of the glycemic milieu of healthy subjects, low to moderate amounts of alcohol consumption may be deemed beneficial to one's health (Davies et al., 2002) , while if FBS is used, it may be deemed detrimental. In light of the suggestion that insulin could be atherogenic by stimulating division and migration of vascular smooth muscle cells (Ginsberg, 2000) along with the reports that alcohol consumption within the range of light to moderate drinking habits is inversely related to fasting and postload insulin levels (Mayer et al., 1993) , low to moderate amounts of alcohol consumption seem to exert beneficial effects on one's health, though even moderate alcohol consumption was found to increase the risk of atherosclerosis among people with diabetes (Cooper et al., 2002) . Thus, the issue regarding the effects of alcohol consumption on one's health remains unsettled.
We demonstrated that CRP was a predictor for an increase in body fat percentage independent of confounding variables among men. Our result that CRP was not associated with BMI, but with body fat percentage is noteworthy inasmuch as an increase in body fat percentage suggests, though not definitively, the presence of abdominal obesity, because abdominal obesity, which is not necessarily reflected in BMI (Epel et al., 2000) , is a more prominent feature in the metabolic syndrome than generalized obesity (Grundy, 1999 ). An inflammatory biomarker, CRP has been shown to be a predictor for type 2 diabetes and cardiovascular disease (Pradhan et al., 2001; Ridker et al., 2003; Danesh et al., 2004) , suggesting an association between CRP, the metabolic syndrome and obesity. Though it remains unclear why CRP was independently associated with body fat percentage, it has been shown that macrophage-related inflammatory activities are related to the pathogenesis of obesity-inducted insulin resistance in mouse models (Xu et al., 2003) , indicating a relationship between the inflammatory process and obesity (Pradhan et al., 2001; Black, 2006) . The present finding that CRP was independently associated with an increase in body fat percentage is in line with the findings which indicate a relationship between inflammatory process and obesity.
We acknowledge several limitations of our study. First, the measurements of the stress score were self-reported, and are therefore subject to bias. Second, as psychosocial stress was defined as the accumulation of stress responses, such as deterioration in mental status, somatic symptoms, and behavioral changes in relation to stress, no evidence of an association between stress score and physiological parameters of stress was shown. However, our results are in line with the reports that abdominal obesity and related comorbidities, such as insulin resistance and dyslipidemia, are associated with psychosocial stress (Björntorp and Rosmond, 1999; Räikkönen et al., 2002) . Third, these data are cross-sectional, and therefore determine no causal relationship between stress score, age, BMI, CRP, lifestyle factors, and the metabolic syndrome.
In summary, we demonstrated that stress score, age, BMI, and smoking habit were associated with an increase in glycated hemoglobin among men, while alcohol consumption was associated with a decrease in glycated hemoglobin. Stress score, age, BMI, and alcohol consumption were found to be associated with an increase in FBS among men, while smoking and exercise habits were associated with a decrease in FBS. In addition, CRP was found to be associated with an increase in body fat percentage among men. Stress score, age, and BMI were associated with an increase in triglyceride concentration among women. These results seem to be in line with the hypothesis that psychosocial stress is a risk factor for the metabolic syndrome. Further study is needed to verify the hypothesis of the relationship between psychosocial stress and the metabolic syndrome, which may enable us to find clues for coping with the worldwide surge of the metabolic syndrome.
